Blending of styrene-b-(ethylene-co-1-butene)-b-styrene (SEBS) triblock copolymers with syndiotactic polystyrene (PSsyn) has been performed in a Brabender mixer above the higher glass transition temperature of the triblock copolymer but below the PSsyn melting point. The large excess of the triblock copolymer over the homopolymer as well as the signi®cant amount of plasticized amorphous PSsyn phase allowed the easy processing under the used temperature conditions with good interface compatibility. The consequent interfacial adhesion between the amorphous PS phase and the unmelted PSsyn crystallites affects both the ®nal morphology of the blend as well as its dynamic behavior. Indeed, such solid particles act as reinforcing point of the overall blend structure, as evidenced by scanning electron microscopy. Moreover, they contribute to a T g increase in the order of 20 8C with respect to pure SEBS and to an appreciable conservation of mechanical properties at temperatures higher than the T g of the PS blocks of SEBS. The mechanical and thermal behavior of the synthesized blends has been studied and tentatively correlated to the molecular weight ratio between PSsyn and the PS blocks of SEBS. q
Introduction
Syndiotactic polystyrene (PSsyn) is a new semi-crystalline engineering polymer that has became available up to an industrial scale recently by the introduction of metallocene catalyst systems [1±3] .
This polymer has attractive characteristics such as high melting temperature (about 270 8C) and high crystallization rate. In particular, the thermal and mechanical behavior of PSsyn is very interesting if compared with that of atactic and isotactic analogs [4] . The melting enthalpy DH m 2050^100 cal=unit and entropy DS m 3:8^0:2 cal=K unit) of PSsyn, determined by melting point depression in the presence of diluents, show that the difference in melting enthalpy between PSsyn and isotactic PS (iPS) is within the experimental accuracy. The differences in the two structures are then accounted for by different DS m and T m values.
Differences between isotactic and syndiotactic PS are also observed in their dynamic behavior [5] . The modulus of isotactic-PS decreases with higher rate (derivative), whereas that of PSsyn is still high near the melting point. Such a drastic difference between the two isomers cannot be ascribed to different behaviors of one amorphous phase, which must be substantially similar in the two systems. Instead, the difference can be attributed to the crystalline component: the zig-zag planar conformation of PSsyn sample, with a dense packing of aromatic rings, can be responsible for such a high stiffness as compared with iPS. In the case of iPS chain the conformation is helicoidal, which probably gives rise to a more pronounced plastic behavior of the crystalline blocks [5] .
Moreover, PSsyn displays a polymorph behavior [6±8] that is strongly affected, when cooling from the melt, by the cooling rate, the crystalline form of the starting material, the maximum temperature of the melt, the time of residence at that temperature and ®nally the heating rate to reach the melting. This suggests the possibility of PSsyn properties to be ®nely tuned depending on processing conditions and on the characteristics of the starting material.
The in¯uence on miscibility of different microtacticity has been investigated for solution cast PS/PSsyn blends [9±11]. Blends of atactic and syndiotactic PS show a single glass transition temperature, its value depending on blend composition. However, this result does not con®rm the complete miscibility because there is only a small difference in T g of the two neat polymers [9] . In order to get a deeper insight into the miscibility of the two homopolymers both diffusion [9] and modulated Differential scanning calorimetry (DSC) [10, 11] experiments have been carried out. All experimental results clearly demonstrated the presence, for these blends, of a single T g that is also dependent on composition according to Fox equation.
Up to now the high melting temperature of PSsyn has limited the possibility of blending it by means of extrusion and melt processing techniques. However, evidences of compatibility of PSsyn with atactic PS strongly suggest that the former should as well give partial miscibility with the PS domains of styrene-b-(ethylene-co-1-butene)-b-styrene (SEBS) triblock copolymer. On the other hand, for solution cast blends of styrene±butadiene±styrene triblock copolymers (SBS) with PS, it has been demonstrated [12, 13] that the key parameter governing the solubility of the PS homopolymer into the PS domains of SBS is the ratio between the molecular weight of the homopolymer M ho n and that of the PS blocks of the copolymer M co n : When the two values are close enough to each other, their ratio being nearly unitary, synergism in thermal and dynamic behavior has been observed [12] . In particular a blend T g higher than those of the neat components could be detected. This result was tentatively explained on the basis of entanglement formation in the new PS phase of the copolymer between the styrene blocks belonging to PS and SBS.
Objective of the present work was therefore the study of the miscibility of syndiotactic PS with the atactic PS blocks of SEBS triblock copolymer as a function of the molecular weight ratio M ho n = M co n : Furthermore attention has been also dedicated to the investigation of the blend properties and in particular to the behavior at temperature higher than the T g of polystyrene blocks in SBS. This work is part of a project aimed at the enlargement of the SBS`working window' towards temperatures higher than the T g of the PS phase.
Experimental

Polymers
The two kinds of syndiotactic polystyrene were supplied by Enichem Elastomeri (Ravenna, Italy). PSsyn59k was characterized by M n 5:9 £ 10 4 ; M w = M n 2:4; stereoregularity degree of 98% and no atactic fraction. On the other hand PSsyn550k was characterized by M n 5:5 £ 10 5 ; M w = M n 2:2; stereoregularity degree of 99.5% and no atactic fraction. Both homopolymers were used without further puri®cation.
The block copolymer SEBS Kraton G-1650 (SEBS-1) was supplied by Shell and was employed without further puri®cation. This polymer contains 19% by mol of styrene, M n 8:0 £ 10 4 and M w = M n 1:2±1:5 as determined by GPC.
The block copolymer SEBS Europrene Sol TH 212 (SEBS-2) was supplied by Enichem Elastomeri and was employed without further puri®cation. and M w = M n 2:5; it was used without puri®cation.
Characterization
Differential scanning calorimetry: DSC analyses were performed by a`Perkin±Elmer DSC7' calorimeter equipped with a CCA7 cooling device. The calibration was carried out by using Mercury (m.p. 238.4 8C) and Indium (m.p. 156.2 8C) standards for low-temperature scans and Indium and Zinc (m.p. 419.5 8C) for high-temperature ones. Heating and cooling thermograms were carried out at standard rate of 20 8C/min.
Scanning electron microscopy analysis: all SEM micrographs were recorded on samples cryogenic fracture surfaces by a Jeol JSM mod.T-300 instrument at the Chemical Engineering Department of Pisa University.
Dynamic-mechanical thermograms (DMTA) were recorded by a Perkin±Elmer DMA7e instrument (threepoint bending geometry). Thermograms were carried out at a standard heating rate of 1 8C/min.
Melt blending
All blends were prepared in a Brabender mixer under nitrogen atmosphere by introducing the desired amounts of the components in the mixer at 220 8C (SEBS/PSsyn blends), rotor speed 50 rpm. According to the desired time of residence (10 min) the mixing was stopped and the materials recovered from the Brabender mixing camera.
Results and discussion
Blends of syndiotactic polystyrene with SEBS triblock copolymers (see Table 1 of SEBS triblock copolymer M co n : Blends of SEBS with atactic PS (SEBS-1/PS) were also prepared in order to study the in¯uence of the homopolymer tacticity. Indeed, a different tacticity can in principle result in a different solubility of the homopolymer into the PS domains of SEBS and eventually [12] into different blend glass transition temperatures.
All blends show, as given in Table 2 , a single glass transition temperature for the`hard phase', thus suggesting a good compatibility between the homopolymer chains and those of the PS blocks of the copolymer. The value of this T g is generally larger than for pure SEBS and in some cases (SEBS-1/PS) signi®cantly higher than those of the neat components. The larger increase in the glass transition temperature of the SEBS/PS blend strongly suggests that atactic PS is more soluble than PSsyn in the SEBS polystyrene. Indeed, SEBS-1/PS and SEBS-1/PSsyn59k blends have nearly the same M ho n = M co n ratio (respectively, 2.2 and 2.5), but display a different thermal behavior, with synergism taking place only in the former case. On the other hand such effect can only be inferred on the basis of the T g values and not of the occurrence of a single transition, since also all SEBS-1/PSsyn blends display one single T g value over room temperature. In fact, the good compatibility between PSsyn and the hard phase of SEBS-1 is strongly supported also by melting and crystallization behaviors (Fig. 1) , according to what already reported in the literature for solution cast blends of PSsyn with poly(phenylene ether) [14] and atactic PS [15] . The comparison of the melting and crystallization enthalpies (DH m and DH c , respectively) of PSsyn both neat and in the blends, indicates that both crystallization and melting behavior of PSsyn are affected by the blending with SEBS-1. In particular, the compatibility in the amorphous PS phase between the copolymer atactic and the homopolymer syndiotactic PS chains, can reasonably affect the structure of the interface between the crystalline and amorphous PS domains. This interface modi®cation can also be detected within every single DSC run by the differences in the melting and crystallization enthalpy [16] ( Table 2) , which are signi®cantly absent in the neat PSsyn homopolymers. Reduction in crystallinity for the blends with PSsyn59k is more evident than in those with PSsyn550k, thus suggesting that a signi®cant modi®cation of the crystalline±amorphous interface, with respect to the neat PSsyn, has occurred upon mixing and might promote signi®cant differences in the morphology and distribution of PSsyn crystallites. Such hypothesis has been tested by SEM analysis (Fig. 2) . The same sample (SEBS-1/PSsyn59k 90/10), at larger magni®cation, displays the presence of small dispersed particles, which can be reasonably associated with PSsyn crystallites, whose maximum average size is about 3±4 mm. Moreover, such`droplets' seem to be well connected to the matrix and also show good adhesion to the latter. The situation is different when using PSsyn550k (Fig. 2) . Indeed, in the latter case average dispersed-particle dimensions are more than 10 mm and bigger than in SEBS-1/PSsyn59k blends. Moreover, higher magni®cation shows low adhesion of the dispersed phase with the matrix. All these observations clearly suggest a better compatibility of SEBS-1 with PSsyn59k than PSsyn550k as already suggested by DSC analysis and according to the molecular weight values. Indeed, blends with PSsyn550k show a higher M ho n = M co n value (22.9) than those with PSsyn59k (2.5) and this should correspond [12, 13] to enhanced solubility of PSsyn59k over PSsyn550k in the PS blocks of the copolymer.
Blends of PSsyn with another kind of triblock copolymer (SEBS-2), characterized by a lower average length of the PS blocks with respect to SEBS-1, were considered. DSC analysis (Table 2 ) strongly indicates, also in the case of SEBS-2/PSsyn blends, the presence of good compatibility due to the presence of a single T g at high temperatures as well as of deviations in the blends melting and crystallization behaviors from those predicted on the basis of neat PSsyn thermal properties (Fig. 3) . Like in the case of SEBS-1/PS blends, synergism in the thermal behavior, i.e. a blend T g signi®cantly higher than those of the neat components, is observed for SEBS-2/PSsyn59k blends M (Fig. 4) of SEBS-2/PSsyn59k blends show an inhomogeneous morphology characterized by an average size of crystallites of about 10 mm. This value slightly decreases increasing the PSsyn content even if it remains, at all compositions, higher than in the case of blends with SEBS-1. These results suggest that signi®cant interactions are still occurring between SEBS-2 and PSsyn, accounting for the modi®cation of the amorphous±crystalline PS interface as revealed by the melting and crystallization behavior. The situation is quite different for SEBS-2/PSsyn550k blends (Fig. 5) where the average domains size is more than 10 mm and independent of PSsyn content.
DMTA analysis has been performed on all blends (Table 3) . T g values, as determined from storage modulus vs. temperature curves, clearly agree with those determined by DSC: the highest values are indeed displayed by the blend of SEBS-1 with PS. Furthermore, the relative decrease of the storage modulus DE=E; calculated in correspondence of the hard phase T g , clearly demonstrates a strong toughening of the structure over that of pure SEBS: SEBS-1/PS blends show an average loss of about 20% during PS glass transition with respect to 67.5% observed for pure SEBS-1. The same consideration holds for PSsyn blends even if, in all cases, a clear relationship between blends composition and such toughening effect could not be detected. Finally, the fact that unmelted PSsyn crystallites can act as reinforcing points of the system at temperature higher than the T g of the copolymer PS blocks, is strongly suggested by tan(d) pro®les for SEBS-1/PSsyn59k blends ( Fig. 6 ): a shoulder of the main tan(d) relaxation peak is observed at relatively high temperature (about 135 8C) and may tentatively be explained on the basis of PSsyn crystallites`®ller effect'. Indeed this relaxation must be related to the presence of PSsyn crystallites since it could not be detected in SEBS-1/PS blends, which show although the highest T g among all blends. It may eventually be noted that SEBS-1/PSsyn59k blends, which are characterized by the lowest M ho n = M co n ratio among all blends with PSsyn, display in general high T g values and are the only one with two tan(d) relaxation peaks over room temperature.
Conclusions
Blending SEBS triblock copolymers with syndiotactic PS could be easily performed at 220 8C, i.e. below the melting temperature of the PSsyn crystallites, thanks to the large amount of PSsyn amorphous phase (about 50 wt% of the entire PSsyn amount) as well as to the large weight excess of the rubber component (at least 70 wt% of the entire blend amount).
Blends of SEBS-1 with atactic PS display the presence of a single T g over room temperature, strongly suggesting that only one`hard' phase is formed upon mixing. Moreover these blends, characterized by the lowest M ho n = M co n ratio (2.2), display synergism in the thermal and dynamicmechanical properties. The determined T g values, by both DSC and DMTA analyses, clearly address the higher ef®ciency of PS over both kind of PSsyn in enhancing the hard phase T g . However, blending SEBS with PSsyn introduces a very interesting feature with respect to the use of atactic PS: the presence in the blends of unmelted PSsyn crystallites. The crystallites cannot be considered as simply inert solid particles: DSC data clearly demonstrate that the amorphous±crystalline interface in the blends is modi®ed with respect to the neat PSsyn. Moreover, such modi®cation in¯uences the melting and crystallization behavior of PSsyn crystallites but also their average size and distribution in the blend morphology. If favorable conditions for entanglement formation upon mixing, i.e. for M ho n = M co n close to 1, are provided, the crystallites result strongly anchored to the PS amorphous phase and can consequently in¯uence the blend mechanical properties. Indeed, the blends with the lowest M ho n = M co n ratio (SEBS-1/PSsyn59k) display an additional tan(d ) relaxation peak over room temperature, which can be tentatively ascribed to a`®ller reinforcing effect' of the PSsyn crystallites.
The results described in the work disclose in our opinion a new route for processing syndiotactic polystyrene and the possibility to shift the upper-working temperature of SEBS copolymers, which is usually limited by the T g of the PS blocks. The limitations and the possible technological impact of the studied systems are currently under evaluation.
